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To assess whether the level of risk of having significant
electrophysiologic abnormalities can be determined, 29
clinical variables were analyzed in 104 patients with
unexplained syncope who underwent electrophysiologic
testing. A positive electrophysiologic study was defined
as: 1) a sinus node recovery time 2:3 seconds; 2) HV
interval 2:100 ms; 3) infranodal block during atrial pac-
ing; 4) unimorphic ventricular tachycardia; and 5)
supraventricular tachycardia associated with hypoten-
sion.
Thirty-one patients had a positive study, with induc-
ible ventricular tachycardia being the most common
finding (71% of positive studies). A left ventricular ejec-
tion fraction :s0.40 was the most powerful predictor of
a positive electrophysiologic study (p < 0.00001), fol-
lowed by the presence of bundle branch block (p <
0.00003), coronary artery disease (p < 0.00003), remote
myocardial infarction (p < 0.00006), use of type 1 anti-
arrhythmic drugs (p < 0.0003), injury related to loss of
In many patients with syncope, a likely cause of loss of
consciousness can be identified on the basis of routine clin-
ical evaluation (1-3). However, in a substantial proportion
of patients (15 to 50%), the cause of syncope remains unex-
plained after clinical evaluation (1-3). Electrophysiologic
testing has been used to identify potential arrhythmic causes
of syncope in these patients. Depending on the patient group
and the type of programmed stimulation protocol used, elec-
trophysiologic abnormalities have been identified in 12 to
70% of patients studied (4-14). Because many patients with
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consciousness (p < 0.01) and male sex (p < 0.01).
A negative electrophysiologic study was associated
with an ejection fraction >0.40 (p < 0.00001), the ab-
sence of structural heart disease (p < 0.00001), a normal
electrocardiogram (ECG) (p < 0.0001) and normal am-
bulatory ECG monitoring (p < 0.0001). The probability
of a negative study increased as the number and duration
of syncopal episodes increased.
The results of electrophysiologic testing could be pre-
dicted with a probability (p) value 2:0.99 in 51% of
patients who had a negative study and with a probability
value 2:0.95 in 52% of those who had a positive study.
Therefore, on the basis of clinical variables, a majority
of patients with unexplained syncope can be stratified
into subgroups with high and low probability of having
an electrophysiologic abnormality that is likely to be
related to syncope. This allows for more cost-effective
use of electrophysiologic studies.
(J Am Coli CardioI1987;lO:358-63)
unexplained syncope have a normal electrophysiologic study,
identification of patients in whom there is a high probability
of finding a likely cause of syncope would allow more cost-
effective use of electrophysiologic testing.
Although prior studies (6,9,12,14) have reported that
isolated clinical variables such as gender or the presence of
underlying structural heart disease are related to the outcome
of electrophysiologic testing, no studies to date have per-
formed a detailed analysis of clinical predictors of outcome.
The aim of this study was to evaluate whether analysis of
clinical variables allows stratification of patients who have
unexplained syncope into subgroups with a high or low
probability of having a positive electrophysiologic study.
Methods
Patient selection and evaluation. The study group com-
prised 104 consecutive patients evaluated over a 2 year
period for one or more episodes of unexplained syncope.
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Patients with documented sustained ventricular tachycardia.
high degree atrioventricular (AV) block, carotid sinus hy-
persensitivity. typical vasovagal or vasodepressor syncope.
prolongation of the QT interval, aortic stenosis, hyper-
trophic cardiomyopathy or symptomatic postural hypoten-
sion were excluded. as were patients in whom a tachyar-
rhythrnia or bradyarrhythmia was documented to he the
cause of syncope.
All patients underwent a compIetc physical examination.
a 12 lead ECG. at least one 24 hour ambulatory ECG re-
cording, neurologic evaluation and electroencephalography.
Cardiac catheterization was performed in 60 patients. echo-
cardiography in 44, radionuclide ventriculography in 55.
exercise testing in 45 and an endomyocardial biopsy in 5.
Electrophysiologic testing protocol. After giving in-
formed consent, patients were studied in the fasting, un-
sedated state. All antiarrhythmic drugs were discontinued
at least four half-lives before the study. Electrode catheters
were inserted percutaneously and positioned in the high right
atrium. across the tricuspid valve to record the His bundle
electrogram, and in the right ventricle. Surface ECG leads
V I, I and III and intracardiac recordings from the high right
atrium, His bundle and right ventricle were displayed si-
multaneously on an oscilloscope and recorded on an Elec-
tronics for Medicine VR-16 or Siemens Elema Mingograf
7 recorder. Stimulation was performed with a programmable
stimulator (Bloom Associates. Ltd.) at a current strength of
twice the diastolic threshold and with a pulse duration of 2
ms.
The fo llowing variables were determined: atrioventric-
ular (AV) node and infranodal conduction times. sinus node
recovery time, minimal atrial pacing cycle length with I: I
AV node or infranodal conduction and AV node refractory
period by the extrastimulus technique. The ventricular stim-
ulation protocol consisted of single and double extrastimuli
introduced after six to eight beats of ventricular pacing at
two basic drive cycle lengths (usually 600 or 500 rns, and
400 rns) first at the right ventricular apex, then at the outflow
tract or septum. If sustained ventricular tachycardia was not
induced, programmed ventricular stimulation with triple ex-
trastimuli was performed at the right ventricular apex. then
at the second right ventricular site.
Susta ined ventricular tachycardia was defined as ven-
tricular tachycardia > 30 seconds in duration or requiring
termination by overdrive pacing or direct current counter-
shock because of hemodynamic compromise. Nonsustained
ventricular tachycardia was defined as ventricular tachy-
cardia of six beats to 30 seconds in duration. Induced ven-
tricular tachycardia was classified as unimorphic or poly-
morphic. as evaluated in leads VI, I and III. The end points
of the stimulation protocol were the induction of sustained
ventricular tachycardia or ventricular fibrillation, or com-
pletion of the stimulation protocol.
Apositive electrophysioiogic study was defined as a study
that demonstrated an electrophysiologic abnormality likely
to be the cause of syncope. that is, unimorphic ventricular
tachycardia. supraventricular tachycardia associated with a
fall in systolic blood pressure to < 80 mm Hg supine, a
markedly prolonged sinus node recovery time (2 3 seconds),
infranodal block during atrial pacing or a markedly pro-
longed HV interval (2 100 ms).
A negative electrophvsiologic study was defined as a study
that did not demonstrate an electrophysiologic abnormality
likely to be related to syncope. This included an entirely
normal electrophysiologic study. supraventricular tachycar-
dia without hypotension. an HV interval of 55 to 99 ms,
polymorphic ventricular tachycardia or ventricular fibrilla-
tion.
Clinical variables evaluated. 1) Presence and type of
heart disease. The presence or absence and type of struc-
tural heart disease was determined on the basis of history.
physical examination and ECG in all patients, cardiac cath-
eterization in 60, radionuclide ventriculography in 55, echo-
cardiography in 44. exercise testing in 15 and endomy-
ocardial biopsy in 5 patients.
2) Left ventricular ejection fraction. Ejection fraction
was classified as :s0.40 or > 0.40. on the basis of contrast
left ventriculography in 60 patients. radionuclide ventric-
ulography in 35 and echocardiography in 9.
J) fCC abnormalities . Prior myocardial infarction. first
degree AV block. bundle branch block, left ventricular hy-
pertrophy and ST-T wave abnormalities were diagnosed by
standard ECG criteria.
.:/) Ambulatory ECC monitori ng: All patients underwent
at least one (mean 2.3 . range I to 7) 24 hour ambulatory
ECG recording. Ventricular premature depolarizations were
classified as infrequent «30/min) or frequent (230/min),
and ventricular tachycardia was defined as three or more
consecutive ventricular premature depolarizations ,
5) Historical aspects . History was analyzed for the fol-
lowing variables: number and duration of syncopal episodes,
the presence of prodromal symptoms, injury related to the
loss of consciousness and use of a type I antiarrhythmic
drug at the time of syncope. The duration of the syncopal
episodes was estimated on the basis of responses of the
patients and witnesses.
Statistical analysis. The chi-square test for indepen-
dence was used in the preliminary analysis of the discrete
variables. The associations between the individual variables
and the results of electrophysiologic testing were assessed
using odds ratios and their Cornfeld-Gart 95% confi dence
intervals. Differences were considered statistically signifi-
cant if the probability (p) value was « l.05.
The results from the prediction model were obtained by
logistic regression. A stepwise logistic regression computer
package was used with large critical levels so that most of
the desired prediction variables would be included in the
final model . Outcome of electrophysiologic testing was used
as the dependent variable. with all variables thought to in-
fluence outcome being selected as candidates for indepen-
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Table 2. Results of Electrophysiologic Testing in 104 Patients
With Unexplained Syncope
A negative electrophysiologic study was strongly asso-
ciated with a left ventricular ejection fraction >0.40, ab-
sence of structural heart disease, no ventricular ectopic ac-
tivity during ambulatory monitoring and a normal ECG.
Patients with a negative electrophysiologic study had sig-
nificantly more syncopal episodes than did patients with a
positive study (5.2 versus 2.2, p < 0.0001). All patients
who had more than six syncopal episodes or had lost con-
sciousness for >5 minutes had a negative electrophysiologic
study.
Models predictive of outcome of electrophysiologic
testing. The models predictive of the outcome of electro-
physiologic testing with a probability >0.95 are described
in Table 5. The outcome of electrophysiologic testing could
be predicted with a probability >0.99 in 37 patients (51%)
who had a negative study, and with a probability >0.95 in
16 patients (52%) who had a positive study.
dent variables. The output of the computer program gives
predicted probabilities for various categories of the inde-
pendent variables.
Results
The clinical characteristics of the 104 patients in this
study are described in Table I.
Results of electrophysiologic testing (Table 2). The
outcome of electrophysiologic testing was positive in 30%
of patients and negative in 70%.
Clinical and noninvasive variables predictive of out-
come of electrophysiologic testing (Tables 3 and 4). Uni-
variate analysis demonstrated that a left ventricular ejection
fraction 50.40, bundle branch block, coronary artery dis-
ease, previous myocardial infarction, presence of ventricular
tachycardia on ambulatory monitoring, use of a type I anti-
arrhythmic drug at the time of syncope, injury caused by
syncope and male sex were associated with a positive out-
come of electrophysiologic testing. There were no differ-
ences in clinical or laboratory findings between patients with
inducible ventricular tachycardia and patients with other
electrophysiologic abnormalities. An ejection fraction <0.40
was the most powerful predictor of a positive electrophys-
iologic study. The relative risk ratio of a positive electro-
physiologic study was 64: I in patients with an ejection frac-
tion 50.40.
Table 1. Characteristics of 104 Patients With
Unexplained Syncope
Positive electro physiologic study
Unimorphic ventricular tachycardia
Sustained
Nonsustained
Sinus node recovery time ~3 seconds
HV interval ~ lOOms
Infranodal block during atrial pacing
Supraventricular tachycardia associated
with hypotension
Negative electrophysiologic study
*One patient also had inducible ventricular tachycardia.
31 (30%)
21 (20%)
1(1%)
2 (2%)
2 (2%)
4 (4%)
2 (2%)*
73 (70%)
*Mean ± SD. AV = atrioventricular; ECG = electrocardiographic;
VPD = ventricular premature depolarization.
Male/female ratio
Age (yr)
Heart disease
Coronary artery disease
History of myocardial infarction
Valvular heart disease
Dilated cardiomyopathy
No structural heart disease
Number of syncopal episodes
Left ventricular ejection fraction
>0.40
,,;0.40
ECG findings
Bundle branch block
First degree AV block
Left ventricular hypertrophy
ST segment and T wave
abnormalities
Normal
Results of ambulatory monitoring
No ventricular ectopic activity
<30 VPDs/h
~30 VPDs/h
Nonsustained ventricular
tachycardia
Supraventricular tachycardia
61143
58 (range I7 to 84)
35 (34%)
23 (22%)
13 (12%)
7 (6%)
48 (46%)
3.6 ± 6*
82 (80%)
22 (21%)
24 (23%)
9 (8%)
7 (7%)
24 (24%)
51 (50%)
25 (24%)
28 (27%)
22 (21%)
27 (26%)
2 (2%)
Discussion
The results of this study demonstrate that a majority of
patients with unexplained syncope can be stratified into
subgroups with a high probability of having either a positive
or a negative electrophysiologic study. Therefore, analysis
of simple clinical variables may allow identification of pa-
tients with unexplained syncope who are most likely to
benefit from an electrophysiologic study and also those in
whom an electrophysiologic study is highly unlikely to be
of diagnostic value. Invasive electrophysiologic testing may
be avoided in the patients with unexplained syncope who
fit one of the models predictive of a negative outcome with
a probability >0.99.
Criteria for positive and negative outcome. In many
prior studies of electrophysiologic testing in patients with
unexplained syncope (4-11), all electrophysiologic abnor-
malities were considered to be a positive result. However,
some electrophysiologic abnormalities may either be non-
specific or of uncertain clinical significance. For example,
polymorphic ventricular tachycardia can be induced by pro-
grammed ventricular stimulation in up to 45% of patients
without a documented or suspected history of ventricular
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Table 3. Clinical Variables and the Outcome of Electrophysiologic Testing: Results of Univariate Analysis
Outcome (%)
Positive (n = 31) Negative (n = 73) p Value
Relative Risk
Ratio of Positive
Outcome
Male/female sex
Age
Coronary artery disease
Myocardial infarction
Valvular heart disease
Dilated cardiomyopathy
No structural heart disease
Number of syncopal episodes
Duration of syncope
<I minute
I to 5 minutes
>5 minutes
Prodromal symptoms
Dizziness/light-headedness
Palpitation
Nausea
History of injury during syncope
Use of type I antiarrhythmic
drug at time of syncope
Ejection fraction >0.40
Ejection fraction 050.40
*Mean ± I SD.
77/23
61 ± 14 yr*
74
55
13
10
3
2.2 ± 0.3 episodes'
45
55
o
52
23
3
29
45
35
65
51/49
55 ± 14 yr'
16
X
12
5
63
5.2 ± 1.4 episodes*
36
40
24
54
II
15
X
II
97
3
<0.01
NS
<0.00003
<0.00006
NS
NS
<0.00001
<0.0001
NS
NS
<0.0008
NS
NS
<0.05
<0.01
<0.0003
<0.00001
<0.00001
3.3
18.2
13.5
1.0
r.s
om
1.0
2.3
o IX
4.5
6.6
0.02
64.5
tachycardia and may often represent a laboratory artifact
when induced in patients with unexplained syncope
(9,12,15-17). Ventricular fibrillation has also been dem-
onstrated to be a nonspecific finding with no prognostic
significance when induced in patients with unexplained syn-
cope or ventricular ectopic activity (18,19). Therefore, in
this study, polymorphic ventricular tachycardia and ven-
tricular fibrillation were not considered to constitute a pos-
itive outcome.
An HV interval of 100 ms was considered a significant
finding because of a prior study (20) that demonstrated that
this degree of HV prolongation is associated with a 25%
risk of high degree AV block over a 3 year follow-up period.
On the other hand, the risk of high degree AV block is low
when the HV interval is < 100 ms (20-22), and therefore
an HV interval between 55 and 99 ms was not considered
to be a diagnostic finding in this study. The electrophysi-
ologic study was considered positive if there was pathologic
infranodal block during atrial pacing, because this finding
is predictive of high degree AV block (22). A mildly pro-
longed sinus node recovery time and supraventricular tachy-
cardia not associated with hypotension were not considered
to constitute a positive outcome, because of the low prob-
ability that syncope would result from only a mild degree
of sinus node dysfunction or from supraventricular tachy-
cardia not associated with hypotension.
Table 4. Electrocardiographic Findings and the Outcome of Electrophysiologic Testing: Results of Univariate Analysis
Outcome (c/r)
Positive Negative Relative Risk Ratio
(n = 31) (n = 73) P Value of Positive Outcome
12 Lead ECG
Bundle branch block 68 4 <0.00003 49.0
First degree AV block 19 4 <0.05 5.6
Left ventricular hypertrophy 13 4 NS 3.4
S1-1 abnormality 19 25 NS 13
Normal 6 67 <0.0001 o.o.
Ambulatory monitoring
No ventricular ectopic activity 0 34 «000)
<30 VPDs/h 26 27 NS 0.96
>30 VPDs/h 29 IX NS r.x
Ventricular tachycardia 45 18 <0.006 3.X
*AV = atrioventricular; ECG = electrocardiogram; VPD = ventricular premature depolarization.
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Table S. Models Predict ive of O utcome of Electro physiologic Testing in Patients With Unexplained Syncope*
VT Use of Type 1
Structural on No Syncopal Antiarrhythmic Prodrome of Probability of
Sex HD EF = 0.4 ECG BBB Holter Episodes Injury Drugs Nausea Outcome
Negative Outcome
M No Yes NI No No 2 No No No 0.997
M No Yes NI No No 3 No No No 0.997
M No Yes NI No No 4 No No No 0.998
M No Yes NI No No 6 No No No 0.998
M No Yes Nl No No I Yes No Yes 0.099
F No Yes Nl No Yes \ No Yes Yes 0.999
F No Yes NI No No 20 No No No 1.0
F No Yes NI No No 2 No No Yes 1.0
M No Yes NI No No I No No Yes 1.0
F No Yes NJ No No 12 No No No 1.0
M No Yes NI No No 20 No No Yes 1.0
F No Yes NI No No 20 No No No 1.0
Positive Outcome
M Yes No Abnl Yes No 2 No Yes No 0.976
M Yes Yes Abnl Yes Yes I No No No 0.976
M Yes Yes Abnl Yes Yes I No Yes No 0.977
F Yes No Abnl Yes No 3 No No No 0.979
M Yes No Abnl Yes Yes 2 No Yes No 0.989
M Yes No Abnl Yes Yes No No No 0.995
M Yes No Abnl Yes No 2 Yes Yes No 0.996
M Yes No Abnl Yes Yes 2 Yes No No 0.997
M Yes No Abnl Yes Yes I Yes No No 0.997
Only outcomes with a predicted probability > 0.95 are included. Abnl = abnormal; BBB = bundle branch block; ECG = electrocardiogram; EF
= ejection fraction; F = female; HD = heart disease; Holter = 24 hour ECG recording; M = male; NI = normal; VT = ventricular tachycardia.
Clinical variables predictive of outcome. The single
most powerful predictor of the outcome of electrophysio-
logic testing in patients with unexplained syncope was the
left ventricular ejection fraction. This reflects the low prob-
ability that a serious arrhythmia would be the cause of unex-
plained syncope in patients without significant left ventric-
ular dysfunction.
No prior studies found a correlation between the number
of syncopal episodes and the outcome of electrophysiologic
testing. However, patients in prior studies (5, 11, 14) were
categorized as having either a single or multiple episodes
of syncope. In the present study the probability of a positive
electrophysiologic study decreased sharply in patients with
more than five syncopal episodes. Only one patient with a
positive study had more than five syncopal episodes. There-
fore, it appears that a serious arrhythmia such as ventricular
tachycardia is unlikely to be the cause of syncopal episodes
that are frequent. Although it is recognized that patients
with the sick sinus syndrome or the carotid hypersensitivity
syndrome may experience frequent episodes of syncope if
left untreated, such patients can usually be identified by
noninvasive evaluation and therefore are usually not in-
cluded in a group of patients with unexplained syncope
undergoing electrophysiologic testing.
It is also possible that the association between the out-
come of electrophysiologic testing and the number of syn-
copal episodes is related to the severity of syncope. For
example, a single syncopal episode that is severe and results
in bodily injury might be more likely to lead to referral for
electrophysiologic testing than would multiple episodes of
syncope not associated with injury.
A history of injury occurring as a result of loss of con-
sciousness was predictive of a positive electrophysiologic
study. The propensity to suffer an injury may be due to the
sudden onset of severe hypotension, which is more likely
to be caused by a serious arrhythmia such as ventricular
tachycardia than by vasodepressor syncope, hysterical syn-
cope or neurologic or metabolic causes of syncope.
Almost 50% of patients with a positive electrophysiologic
study were being treated with a type I antiarrhythmic drug
at the time of syncope. All of these patients had ventricular
ectopic activity during ambulatory ECG monitoring and al-
most all had structural heart disease and a diminished left
ventricular ejection fraction, and were therefore likely to be
treated with an antiarrhythmic drug by their referring phy-
sician. Also, it is possible that in some patients syncope
was related to proarrhythmic effects of these agents.
Comparison with prior studies. Most prior studies
dealing with the results of electrophysiologic testing in pa-
tients with unexplained syncope reported an association be-
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tween structural heart disease and an abnormal electro-
physiologic study (4,5,7,8,12,14). However, the association
was not as strong as in the present study, in which 97% of
patients with a positive electrophysiologic study had struc-
tural heart disease, This is most likely because of our use
of more stringent criteria to define a positive outcome. For
example, polymorphic ventricular tachycardia, which may
be induced in patients without structural heart disease, was
considered a significant finding in many earlier studies.
In accordance with our findings, previous studies ( 12,14)
have demonstrated that patients with unexplained syncope
who have frequent ventricular ectopic activity are more likely
to have a positive electrophysiologic study. Among patients
in the present study who had no ventricular ectopic activity
during ambulatory ECG monitoring, none had a positive
electrophysiologic study. However, because all of these pa-
tients had a normal left ventricular ejection fraction and
none had structural heart disease, a normal 24 hour am-
bulatory ECG recording was not an independent variable
predictive of the results of electrophysiologic testing.
Limitations. Generally, no invasive study can replace
the actual recording of an ECG during an episode of syn-
cope. Because recordings were not available in our patients,
it is possible that false positive and false negative results of
electrophysiologic testing occurred.
Conclusions. Patients with unexplained syncope can be
stratified on a clinical basis into subgroups with a very low
and high probability of having a significant electrophysio-
logic abnormality likely to be related to syncope. Electro-
physiologic testing is unlikely to demonstrate a potential
cause of syncope in patients who have no structural heart
disease, a left ventricular ejection fraction >0.40, no ven-
tricular ectopic activity during ambulatory ECG monitoring
or a normal ECG, The presence of all of these variables in
a patient with multiple syncopal episodes predicts with a
high degree of certainty (>99%) that the electrophysiologic
study will be negative and therefore electrophysiologic test-
ing need not be performed in such patients. In contrast,
patients with coronary artery disease, an ejection fraction
:::;0.40, an abnormal rest ECG (especially bundle branch
block) and a history of injury caused by syncope are at high
risk (>95%) of having a significant electrophysiologic ab-
normality and should therefore undergo electrophysiologic
testing even if they have had only one episode of syncope.
We thank Doris Speckhals for secretarial assistance.
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